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f 'Inim lor Priority 

This application claims the benefit of the filing date of U.S. Provisional Patent 
Application Serial No. 60/268.975. filed Februar>' 1 5. 2001 . entitled "MLxed 
Hydroxyphenyl Phosphine Oxides and Glycidyl Ethers and Epoxy Oligomers 
Derived Therefrom for Flame Retarding Printed Wiring Boards". 



Field of the Invention 

This invention relates to new compositions of matter, such as 
hvdroxyao'lphosphine oxide mixtures and derivatives thereof, which are useful as 
flame retardants for epoxy resin compositions, as well as a process to prepare these 
mixtures. More particularly, though not exclusively, this invention relates to novel 
compositions of hydroxyar>'l and/or glycidoxyarylphosphine oxides, mixtures thereof, 
and epoxy oligomers and compositions derived therefrom, useful for forming a 
variety of curable compositions. The present invention is also directed to fiame 
retardant epoxy resins used to prepare prepregs. laminates. particularK copper clad 
laminates useful in manufacturing electronic components such as printed wiring 
boards without the use of halogen-containing compounds. 

RacktzrouP'i of the Invention 

Composite materials based on epoxy resins have been used in a variety of 
dav-to-day applications for a long time and continue to have considerable importance 
because of their versatility. A specific example of such an application includes but is 
not limited to electrical laminates used in printed circuit boards (printed wiring 
boards. PWB). The epoxy resins used therein have particularly gained popularity 
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because of .heir ease of proeessibili.y. Those epox; rcs.ns also teaune .ood 
„,echa„ical and ehemieal properties, such as tor exantple. toughness and res.stancc u. 
, .„ne-,v of organic solvents and also display good chemical and moisture resistance. 
These properties permit the epoxy resin materials to be adapted to diverse apphcatton 
purposes and allow the materials sharing in the composite to be used advantageously. 

Generally, the epoxy resins are readily processed into composite materials for 
PWB applications via the manufacturing of prepregs (B-staging). For example, the 
substrate material, which is typically an inorganic or organic reinforcing agent m the 
form of fibers, fleece and fabric or textile materials, is impregnated with the res.n.^ 
This may be accomplished by coating the substrate with a resin solution tn an eas.ly 
vaporizable or volatilizable solvent. The coating may be carried out by a vanety ot 
well-known techniques including rolling, dipping, spraying, and combinations 
thereof The prepregs are then heated in an oven chamber to remove solvent and to 
partially cure the resin. The prepregs obtained alter this process must not sell-adhere, 
but they also should not be fully cured. In addition, the prepregs must be sutl.cently 
stable in storage. In the subsequem processing into composite materials, the prepregs 
must furthermore fuse when there is a rise in temperature and pressure and must b,nd 
to-ether under pressure with the reinforcing agents or insertion components as well as 
with the materials provided for the composite as compactly and pemtancmly as 
possible: that is the cross-linked epoxy resin matrix mttst tbrm a high degree ol 
interfacial adherence with the rein.orcng agents, as «ell as ...h .he ntutertal. to he 
bottded together, such as metallic, ceramic, mineral and organic .tta,er.als. 

A kev requiremem in many applications is the requiremem for tlame 
resistance. In many areas, this requirement is given firs, priority, due to the danger to 
human bein.s and ntaterial assets, for example in structut.1 materials for airplane and 
motor vehicle construction and tor public .ransporta.ion vehicles. In electrotechn.cal 
and particulariv electronic applications, i, is absolutely uecessan for the electneal 
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lamina... materials ,o be tlame resistant, due to the substantial worth „1 the electronic 
conrp<,nents assembled thereon and the intrinsic value ol human lilc assocatcd wnb 
working on or near devices containing PWB components. 

.Vcordinslv. it has been customary in the preparation ot epoxy-containing 
laminates to incorporate into the epoxv resin compositions various additives and/or 
reactives to improve the flame retardancy of the resulting laminate. Many types ot 
name retardant substances have been used, however, the most common thus far used 
commercially have been halogen containing compounds such as .etrabromob.phenol 
A. prepared by reacting the diglycidyl ether of bisphenol A with tetrabromobisphenol 

A Typically, in order to reach the desired nre reiaruan.y .cv.. v » - - 

-Underwaters Laboratory"' test method UL 94), levels of such bromine-containing 
flame retardant substances are required that provide a bromine content from 10 
weight percent to 25 weight percent based on the total weight in the product. 

Generally, halogen-containing fire retardant epoxy resins such as those 
containing tetrabromo-bisphenol A are considered to be safe and effective. However, 
there has been increasing interest by some to utilize flame-retarded epoxy systems 
that are not based on halogen chemistt,^ It is desirable for these new materials to be 
able to meet the requirements of fire retardancy and to display the same advantages ot 
mechamcal properties, toughness, and solvent and moisture resistance that ,s offered 
with the halogenated materials curremly used. 

One such approach proposed by many researchers has been the use of 
; phosphorus based fire retardants. See for example. EP 0 384 939: FP 0 384 940: HP 
0 408 990- DE 4 308 185: DE 4 308 187: WO 96/07685: WO 96/07686: U. S. Patem 
No 5 648 171: U. S. Patent No. 5.587.243: U. S. Patent No. 5.576.357: U. S. Patem 
No 5 458 978: and U. S. Patem No. 5.376.453: all of which are incorporated herem 
bv reference in their emirety. In all of these references, a formulation is formed from 
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the reaction ofa tlame retardant derived from a phosphorus compound and an epox> 
resin, which is then cured with an amino cross-linker such as dicyandiamide. 
sulfanilamide, or some other nitrogen element containing cross-linker to form the 
thermosetting polymer network. 

Specific examples of commercially available phosphorus-based fire retardant 
additives include Antiblaze™ 1045 (Albright and Wilson Ltd. United Kingdom) 
which is a phosphonic acid ester. Phosphoric acid esters have also been used as 
additives, such as. for example. PX-200 (Diahachi. Japan). Commercially available 
10 reactive phosphorus containing compounds that have been disclosed as being suitable 

for epoxy resins include Sanko HCA and ^mKO nc/^-nv v--..- - • ^ 

Ltd.. Japan). 

Alkyl and aryl substituted phosphonic acid esters are particularly compatible 
1 > with epoxv resins. More particularly. C,-C. alkyl esters of phosphonic acid are of 
value because they contain a high proportion of phosphorus, and are thus able to 
impart fire retardant properties upon resins in which they are incorporated. However, 
the phosphonic acid esters are not satisfactory as a substitute for halogenated flame 
retardants in epoxy resins for the production of electrical laminates for various 
^0 reasons. First and foremost of these reasons are the phosphonic acid esters often 
times impart undesirable properties. For example, the phosphonic acid esters are 
known plasticizers and thus the laminates formed ihcielrom lend to exhibit 
undesirable low glass transition temperatures (T,). An additional drawback is that the 
use of phosphonic acid esters in amounts sufficient to provide the necessary flame 
retardancv increases the tendency of the resulting cured epoxy resin to absorb 
moisture. The moisture absorbency of the cured laminate board is veiy significant, 
because laminates containing high levels of moisture tend to blister and fail, when 
introduced to a bath of liquid solder at temperatures around 260"C. a typical step m 
the manufacture of printed wiring boards. 



10 



15 



Express Mail Label No EF31877741 lUS 



20 



Various other phosphorus based flame retardant materials are described in the 
literature, which are either too expensive or feature certain inferior properties. For 
.VM>-'e EP 0 7S4 728 discloses a cyclic phosphonate as a flame retardant material, 
which .s incorporated into an epoxy resin. However. EP 0 754 728 indicates that this 
cvclic phosphonate should be present in large quantities, such as in excess ot 18 
weight percent, m order for the resin system to meet UL 94 V-0. This loading for a 
phosphonate compound may lead to a depression of the Tg or higher moisture 
absorption. EP 1 U 6 774 utilizes a hydrogen phosphinate. 9.1 0-dihydro-9-oxa- 10- 
phosphaphenanthrene-lO-oxide. in conjunction with triphenylphosphine oxide. 
However, the epoxy resin base requires the use of non-standard epoxy resins; namely 
a xylene-modified novolak resin and naphthyiene araikyl and biphcnyl-mcdified 
epoxv resins. WO 99/00451 discloses another flame retardant composition utilizing 
phosphonic acid esters. Although this composition appears to exhibit improved flame 
retardant properties at low levels of phosphonic acid ester, there is still a need in the 
industry for a flame retardant epoxy resin with improved T, and flame retardant 
properties. Phosphorus flame retardant additives, in general, can lead to a significant 
plastisizing effect (US 5 587 243 and references cited therein). Also, in the case of 
additive compounds, there may be a question of the additives leaching from a 
thermoset polymer network under processing conditions or over time. 

Other methods to impart flame retardancy involve preparation of halogen-free 
flame retardant epoxy resin compositions using a combination of resinous material, 
and an inorganic filler, such as aluminum trihydrate (EP 0 795 570 Al) or magnesium 
hydroxide (JP 2001213980 A2). These materials could potentially render the 
processine of the epoxy resins more difficult, as they are insoluble in the resin 
svstems. Additionally, tairly large load levels are usually required, which can detract 
tVom the properties. See. generally. U. S. Patent No. 6.097.100 and references cited 
therein for a description of various inorganic fillers: and WO 01/42359. 
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Various other phosphorus compounds have also been used to prepare halogeu- 
flame retardant epoxy resins ttseful in the manulaeture of eompost.e ma.er.als. 
I or eKatnpie. tlte use of phosphorus-carbon bonded moieties, such as phosphtne 
o„des have been d,sclosed,n WO 01/42253: U.S. Patent No. 4.345.059: F.P 1 116 
774^ and IP^000186I86: all of vvhtch are incorporated herein by reference ,n ihetr 
entiretv A kev disadvantage of these compositions, however, is that they are cosily 
to prepare, because they utilize unique raw materials. For example. JP2000186I86 
discloses the use of pure bis(p-hydroxyphenyl)phe„yl-phosphine ox.de. whtch 
requires the use of a pure diehlorophenyl phosphine. In an analogous manner, the 
phosphine oxides utilized in WO 01/42253 nequire lithium reagems and cryogentc 
reaction conditions, thus warranting special equipment for its ntauutacturc. fhe 
phosphine oxides display benefits of improved resistance to moisture uptake when 
compared with other phosphorus compounds that contain P-0 bonded moiettes, as 
disclosed in WO 01/42253. 

Thus it is an object of this invemion to provide economical yet useful 
phosphine oxide compounds tor the manufacture of non-halogen epoxy resins havtn 
utility in the manufacture of composite materials, such as electrical laminates lor 
printed wiring boards or printed circuit boards. 

It i, vet an other obiect of this invention to provide phosphine oxide 
containing, hvdrolvltcally and thermally stable. „o„-haloge„a,ed. llatnc resistant 
epoxy resin compositions, which are used for making laminates for printed wtr.ng 
boards and various other composite materials. 

Further it is also an object of this invention to provide phosphine oxide 
containing epoxy resin compositions having improved namnrabili.y reductions vvh 
pared with bisphenol A based epoxy laminates. 
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Finallv. it is an object of this invention to provide halogen free phosphine 
oxide containing epoxy resin compositions that are useful as replacements for 
teirabromul.l.phcnol A in FR-4 laminate applications. 

These and other objects and advantages of the invention will be seen from the 
following detailed description. 



<;nmtnar\'ofthe Invention 

The presem invention is directed to «ove^ mixtures of hydroxyao'lphosphme 
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compositions and methods of producing them. There is 
thus provided in one aspect of the invention a mixture of hydroxyarylphosphinc 

oxides comprising: 

(a) a mono(hydroxyaryl)phosphine oxide of the formula: 

HO-R1— P — R2 
O 

(I) 

herein R; is a divalent, substituted or unsubstituted arylene moiety and 
R, is a monovalem substituted or unsubstituted aryl moiety or is an alkyl 
moiety or is an aralkyl moiety: and 

(b) a bis(hydroxyaryl)phosphine oxide of the formula: 
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HO-Ri— P— R1-OH 

O 
(H) 

wherein R, and R2 are defined as above; and 
(c) a tris(hydroxyaryl)phosphine oxide of the formula: 

OH 

I 

?' 

HO— Ri — P— Ri— OH 
0 

(111) 

wherein Ri is defined as above; and 

(d) optionally containing minor amounts of a pentavalent phosphine oxide of 
the formula: 

R2 

R2 — P — R2 
O 

(IV) 
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R, is defined as above. The present invention likewise includes the 
„,„-e„ondin, a.o.,aM etlter fixtures and thetr derivatives .Here the Mro.ar, 
„,„i.nv ,s replaced bv a n,e,i,ox>ar>,. propoxvarvi. bntoxyarvl or otlter L ,- „ 
, , carbon to 6 carbon. alUxyaryl substitution on the phosphine oxide nucleus. 

,„ vet another aspect of this .nven.ion ntixtures of glycidyl ethers derived 



from a mixture 



of hvdroxyatylphosphine oxides described herein are provided. 
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Yet in another aspect ofthis invention novel curable llanrc re.ardan, epoxy 
compositions derived from the novel hydroxya^l phosphine oxides or the glyody. 
ethers ofthis invention are provided. 

,n another aspect of this invention novel bis(hydrox>phenyl)phos|,hine oxides 



of the 



Formula , V) and trovel diglycidyl ethers of the formula ,VI) are prov 



ided. 
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0 



\ 



n 



0 



iy\) 

Wherein n = 0-100. preferably 0-20. nrost preferably 0-5: and wherein -R is selected 
from the group consisting of 
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CHs- 




// \\ 




5 including phenyl, in the case of compound VI. 

,n another aspect of this invention a triglycidyl ether of the foUou ing lornnula 
is also provided. 





F=0 



/ 
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,n further aspects of this invention, a series of curable epoxy composu.ons 
comprising a combination of novel bis( hydroxyar> l)phosphine oxides ot th.s 
invention, and novel reaction adducts of mono-, bis-. tris(hydroxyar> l)phosph.ne 
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,„.K,c,c, .or example, bu. are no, limi.ed .0. epoxy novolak type resin, and or 
a,„vc,.v, e,hers of bi.phcno. A and Hsphenol Additionally, nrono-. 
:.;,.c;do.yaryl,p.osp.ine„,ide„l.nresand novel bis.,,ycldo.yaryl,pHo.p^^^^^^^ 

^.id; orrhis invention are described, which can ac. as curable epoxy res.ns. R s,n- 
i„prc.na.ed contposi.es contprtsin. the cnrable llante retardan, epoxy contpostttons 
described herein are additionally provided. 
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BriefDesgiEtigiLQLDraM 

;;:t;;;;~:;^bed .n detan bdow ..^ reference ,o ,be drawtngs 

wherein like numerals designee similar pans and the invention dcscr.bed tn 

contteetion with numerous examples. In the drawings: 

Figure 1 is a perspecttve exploded schematic view showing a plurality of 
, 3 res,n-impre,na.ed glass elo.h layers and a copper .oil layer of the class used to malce 
printed wiring boards; and 

Figure 2 is a schematic view in sectional elevation of a heat-pressed copper 

,ntermed,a.e strata fonned from glass preptegs which have been hea.-cure ,nto a 
' substanttally tntegrated structure generally inseparable into tts constttuent layers. 

nescrip''"" "f 'be Invention 
A, used herein, the term -arylene- refers to a divalent aromauc substttuent 
. .dicals covalently bonded to the phosphorous atom by »ay o. .n aro.nanc carf»n 
„„K,ai„g phenylene. biphenylene. naphthylene. and the like: ,e term a, eK s 
,„„spo„dn,g monovalent aromatic substituen, radicals covalently onded o the 
phosphorous atom by way of an aromatic carbon including phenyl b.phetry 
aphthvl. and the Itke: substituted analogs thereof means satd arylene motety o, aty. 
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„,.,en substiuued by a. leas, one suitable subs.Uuen, s-p selec.ed fro. , be 
::_..o....b.„.b..cbeaa,...o„ps„cb.^ 

branched alkvl and/or tluoroaiK.Mfc.uupsucnd.i!. . 
:p.eba;v,„,.a„..be,.e,p.ov.ea.ba.s.ebs— U<«s„ou„..^^^ 

:,,H he abi,i,v of,be pbospbo.us c„n,po™d ,o .eac. wUh .be epox, .en. , bus 
.a.p,c. .ben R, ,s pbenUene. e.a„,p,cs of s„,.„b,e s.b.nu.cd a.e „. . ■ 



forth. 



Alkvl" means a s,raigh, chain, bached or cyd.c sa.ura,ed subs.i.uen, 
..picailv on-20 carbon a.onrs including n,e.by.. e.hy., propyl subs.i.uen.s a„u so 
;:„b. Whereas ■■aral.yr and U.c snbs.i.uen.s are charae.erized by bond., o .be 
nucleus .hrough a sa.ura.ed carbon and including aron,a.ic siruCures. Such 
s„bs.i.uen.s include phenylpropyl or phenylbu.yl subs.i.uems and so for.b. 

Thus in accordance wi.h ,he pmCice of .his n.ven,ion .here is provrded novel 
„,..ures ofhydroxyaolphosphine oxides, .heir use in epoxy composh.ons and 
„,e.hods or producing .bem. The curable epoxy composi.ions so formed are 
::«arK„se.unn.ben,anufac.u.oflami„a.es.ha.aresui.blein.heproduc.,on 

;0 of primed circui. boards or prin.ed wiring boards. 

There is .hus provided in one aspec. of .he presen. .nven.ion a n.ix.urc of 
hy droxyary lphospbine oxides comprising: 



13 

Express Mall Label No EF31 877741 1 US 



15 



(a) a mono 



(hydroxyan Dphosphine oxide of the formula: 



H0-R1— P— R2 
o 

(I) 

wherein R,. is a divalent, substituted or unsubstituted ar>lene moiety and R: is 
a monovalent, substituted or unsubstituted aryl moiety or is an alkyl mo.et> or 

lb dll aiaixvji iiiv/xww^, 



10 (b) a bis(hydroxyaryl)phosphine oxide of the formula: 



HO-R1— P— 
O 
(11) 



wherein R, and R: are defined as above: and 
(c) atris(hydroxyar>a)phosphine oxide of the formula: 



OH 

1 

HO— Ri— P — R1-OH 
0 

(111) 



15 



20 
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wherein Ri is defined as above: and 

,d, optionally containing minor amounts of a pentavalent phosphine oxide olthc 

formula: 

!■ 

R2 P R2 

II 

o 

U V ) 

wherein R2 is defined as above. 

In one of the embodiments of this invention. R, in the above formulae is 
derived from an alkyl arvl ether. Examples of such starting materials include 
methoxyphenyk 4-methoxynaphthyl-. o-methoxycresyl- and so torth. 

In another embodiment of this aspect of the invention, the mixture is 
consisting essentiallv of diphenyl(4-hydroxyphenyl)phosphine oxide. 
bis(4-hv;roxvphenvl)phenylphosphine oxide and tris(4-hydroxyphenyl)phosphnK 
oxide, said mixture optionally inciudm, minor amounts of triphenylphosphine ox.de. 

In a preferred embodiment of this invention, the mixture comprises from 
about 10 to about 50 mole percent of the mono(hydroxyar> l)phosphine oxide of the 
formula (1). from about 30 to about 60 mole percent of the bis(hydroxyaryl)phosphine 
oxide of the formula (11). from about 10 to 50 mole percent of the 
tns(hvdroxvarM )phosphine oxide of the formula (III) and from about 0 up to about 10 
n.ole percent of the pentavalent phosphine oxide of the fonmila (IV). 
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In another aspect of this invention tltere is also provided a mixture ol^ glycid; I 
etlters derived from a mixture of Itydroxyarvlpltospltine oxides by way ol reaettn, tite 
„„M.,re or m d,oxyary!pl,osphine oxide, described herein with epichlorohydnn. 
such reactions can be carried ou, by any ofthe well-known techniques ,n the art^ I he 
molecular weights (or CEW) of the product glycidoxyary Iphosphine oxtde mixtures 
can be atTected by vary ing the s.oichiometry of the epichlorhy drin used tn the 
reaction with the mixture of hydroxyarylphosphinc ox.des descnbed heretn. 
Alternatively, the lower molecular weight gly cidoxyary Iphosphine oxtde mixtures 
can be advanced with the described hydroxyatylphosphine oxide mixtures ol th,s 
invention to obtain a desired molecular weight or EEW. 



A 



preferred method of making the mixture of hydroxyarylphosphine oxides 



includes (a) preparing a mixed Grignard reaction mixture including the speetes 
,R,)MgX and ,R,)MgX wherein R,. is an arylalkyle.her radical and R, ts an aryl or 
I , alkvl or aralkyi radical. X represeming a halogen atom: (b) reacting the mixed 
Grignard reaction mixture with phosphorous oxychloride to produce a mixture o. 
arv lalkvletherphosphine oxides; and (c) converting the mixture of arylalkylether- 
phosphine oxides to the mixture of hydroxyao lphosphine oxides, noted above. A 
suitable tnethod of converting the arylalkylethers to arylhydroxides involves 
20 treatment with HBr. HI or HCI in the presence of a metal halide sah. 

This invemion utilizes. ,n a general sense, the use of a uiixcd t.ngna, J rcagcn, 
svstem to produce a mixture of phosphine oxides. This invemion can bo applied ,o a 
wide arrav of compounds wherein an ary Imagnesitim halide can be mixed with an 
alkoxvarvlmaunesium halide and reacted with phosphorus oxychlonde. or 
alternativelv. an alkvlmagnesitim halide can be reacted with phosphorus oxychlor.dc 
i„ tandem with an alkoxyaolmagncsium halide. The generalized approach ,s to use a 
main Grignard reagent that contains a functional group that can be chemically 
transfomted to a group capable of reacting with a wide variety ol active 
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intern^ediates. and furthermore, using a second Grignard reagent that is funct>onall> 
inert The relative stoichiometrv between the two Grignard reagents and the 
p|..osphorus oxvchloride can be adjusted to affect the distribution of the mixtures in 
the desired fashion at will. The two Grignard reagents can be premixed and reacted 
vvuh the phosphorus oxvchloride together, or the reagents can be added to the 
phosphorus oxvchloride in a serial fashion, depending on the requirements ol the 
particular reaction. Alternatively, phosphorus trichloride can be used in place ot 
phosphorus oxychloride in the reaction, followed by oxidizing the resulting 
phosphine to phosphine oxide by standard synthetic procedures. 



Alternatively, a wide array of organometaiiic reagents * 
be used to effect the product mixture distribution in place of the magnesium 
approach. These reagents are, for example, but not limited to: organozincs, -sodium, 
-lithium, -potassium, and transition metal facilitated routes in general, which are 
1 5 known to one skilled in the art. 

The invention pertains, in a preferred aspect, to the substances obtained by a 
two step process. The first step involves the reaction of phosphorus oxychloride with 
a novel mixture of phenylmagnesium bromide and 4-methoxyphenylmagnesium 
^0 bromide. The reaction produces a further novel mixture of four products: 

triphenvlphosphine oxide. diphenyl(4-methoxyphenyl)phosphine oxide. di(4- 
methoxvphenyDphenylphosphine ox.de. and trH4-meiho..vphcml)phosphinc oxide. 
The preparation of these mixtures has the added benefit of being much more 
economical to produce than making the pure materials, which require more expensn 
25 reauents. Surprisingly, the amount of triphenylphosphine oxide produced in the 
reaction can be controlled by the Grignard reagent stoichiometric ratio to a near 
ne.-li^Mble level. This product mixture can then be reacted with concentrated 
Lvdro^bromic acid in the presence of a catalytic amount of a metal halide to produce 
the corresponding mixture of free phenols: triphenylphosphine oxide. diphenyl(4- 
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hvdroxyphenyDphosphine oxide. di(4-hydroxyphenyl)phenylphosphine oxide, and 
tri(4-hydroxyphenyl)phosphine oxide. Additionally, the neutral material could be 
remox ed by washing techniques if so desired. 

5 In addition, the unsubstituted phenyl group in the product, as described above 

in the preferred aspect, for example, can be replaced by substituting bromobenzcne 
with another aryl or alkyl halide. Examples of arvl halides include, but arc not 
limited to 1-bromonapthylene; 2-bromonaphthylene: 4-bromotoluene; 4- 
bromophenoxybenzene; and 5-bromo-K2.4.trimethylbenzene. Examples of alkyl 

1 0 halides include, but are not limited to, methyl bromide and /.rr-butyl bromide. The 
reactive groups for the final product mixture, in ihe luobi p.efeiTcd case, would be the 
epoxy group or hydroxyl group, which could then be made to react with epoxy resins 
as a reactive diluent in the co-cure or as a pre-reacted intermediate, or as a curing 
agent directly. It is recognized that other functional groups could also be used. This 

1 5 lower cost approach produces a distribution of products in the product mixture. 

The product distribution in the mixtures also facilitates generalized 
advancement in epoxy resins. Curable, flame retardant epoxy resins suitable for use 
in the manufacture of resin formulations, prepregs. and laminates can be prepared 

20 from the forwarding reaction of the stated mixture with a commercially available 
epoxy resin. The product distribution enables certain physical characteristics to be 
easily affected in the cured and uncured resui. I hc properiic. inx oh cd arc. for 
example, but not limited to. molecular weight, viscosity, glass transition temperature, 
and gel point. The reasons for this are related to the number of aromatic hydroxyl 

25 groups present in each reactive species. Using a specific case as an example, the 

di(4-hydroxyphenyl)phenylphosphine oxide reacts linearly with an epoxy resin in the 
normal fashion as in the commercially used tetrabromobisphenol A. However. 
tri(4-hydroxyphenyl)phosphine oxide can react with a bifunctional epox> resin as a 
cross linking agem to give a cross linked thermoset. The presence of diphenyl- 
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,4-l,vdroxvphenyl)phosphi„e oxide otTsets *is charac.eris.ic by acng » . 
.enrination a.cn,. This prcduc. mixture reaCs readily with epoxide groups m 
,a„dard cpoxy resi,,. wi.hou, *e need of a caiaiys.. such as a phosphonium sah^ 

n,is reaeriou occurs readily a, eleva.ed .empcramres. in ,he range of 100 .o .00 C . 
5 A wide range ol nroleeular weights can be „b,au,ed in .he copolymer product re.ns 

by use of the appropriate reaction stoichiometry. 

Representative epoxy resins suitable for use in the present invention arc 
presented in Bx^yResmsChem^^ ''''' 
, 0 Clavton Mav (Marcel Dekker. Inc. New York, 1988). Osim-Maa 
.^fEposiRsins edited by B. Ellis (Blackie Academic & Prolesstonal. Glasgow. 

1, u p 1 »p .inH K Neville (McOraw Hill. New 
1993) Hnndb""!' nfFpnxv Resins by H. E. Lee and K. r^evnie , 

York 1967) and EP 1 116774 A2. Suitable epoxy resins are. but not limited to. 
epoxy resins based on bisphenols and polyphenols, such as. bisphenol A. 
H tetramethylbisphenol A. bisphenol F. bisphenol S. tetrakisphenylolethane. resoicnol. 
4 4 -biphenvl. dihvdroxynaphthylene. and epoxy resins derived from novolaks. such 
as „hen„l:formaldehyde novolak. c«.sol:formaldehyde novolak. bisphenol A 
novolak. bipheny,-, toluene-, xylene, or mesitylene-modified phenokformaldehyde 
novolak. aminotriazine novolak resins and heterocyclic epoxy resins derived from „- 
.0 amino phenol and cyanurlc acd. Additionally, aliphatic epoxy resins derived from 
1 4-btnanediol. glvcerol. and dicydopemadiene skeletons, are suitable, for example 
Many other suitable epoxy resin systems are available and would also be ,ecog,„.c„ 
as being suitable by one skilled in the art. 

1. i, .enerallv advantageous to use an epoxy resin which possesses on average 
more than liuid preferably a. leas, 1 .8. more preferably at least 2 epoxy groups per 
molecule. In the broadest aspect of the inv ention, the epoxy resin may be any 
saturated or unsaturated aliphatic, cycloaliphatic, aromatic or heterocyclic compound 
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10 



15 



20 



which possesses more than one 1 .2-epoxy group. Examples of heterocychc epoxy 
compounds are diglycidylhydantoin or trigh cidyl isocyanurate (TCilC ). 

The epoxv resin is preferably one that has no loxver alkyl aliphatic 
substituents. for example the glycidyl ether of a phenol novolak. or the glycidyl ether 
of bisphenol-F. Preferred epoxy resins are epoxy novolak resins (sometimes relerred 
to as epoxidized phenolic novolak restns. a term which is intended to embrace both 
epoxy phenol novolak resins and epoxy cresol novolak resins). 

Epoxy novolak resins (including epoxy cresol novolak resins) are readily 
commerciallv available, for example, under the trade names D.E.N.--^ Quatrcx-. 
(Trademarks of the Dow Chemical Company), and Epon™ (trademark of Resolution 
Performance Products). The materials of commerce generally comprise mixtures ot 
various glycidoxyphenyl and methyl-, ethyl- propyl- glycidoxyphenyl groups. 

The arvlalkyletherphosphine oxide mixtures or the corresponding 
hvdroxvarvl-phosphine oxide mixtures of the present invention can be applied for use 
as name retardants for a vast array of thermosetting and thermoplastic resins, such as 
poh carbonates, polyesters, vinyl esters, cyanate esters, polyamides. polym.des. 
pol'vurethanes. and many others; but more specifically, to the flame retardation ot 
epoxy resins as a general approach. In addition, the deprotection of alkylaryl ethers 
generates an alkyl halide. w^hich is a value-added product. 

These mixtures, containing hydroxy substituents. may be converted to am 
number of functional groups by those skilled in the art. such as. but not limited to. 
ethers carbonates, carbamates, and esters to modify the properties of the materials to 
in.prove the compatibility in a given resin system. In particular, these mixtures may 
.erted to the corresponding glycidyl ether deri^ ati^ es or the phenolic mixtures 



be conv( 



can be used directly as a cross 



-linking agem in epoxy resin formulations. The 
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hydroxyphenyl mixtures, which may be chemically converted into epox> oligomers 
by reaction with commercially available epoxy resins or epichloroh> drin. or the 
glycidyl ether mixtures are intended for flame retardant printed wiring boards. 

These mixtures, containing hydroxy substituents. can also be con\ erted to 
phosphorus-containing oligomers and polymers such as. but not limited to 
polycarbonates, polyesters, polyurethanes. polyimides. and vinyl esters, which would 
also act as flame retardants. 

Furthermore, the product mixture can also be converted to the glycidyl ether 

hp'A ahnvp The 

derivatives by reaction wiin epiciuoiuayuiui anu a ^^o^ — w - 

glycidyl ether derivatives can then also be used as a co-reactive in epoxy resin 
formulations intended for flame retardation applications. This approach can lead to a 
significantly higher level of phosphorus in the resin system. Furthermore, the 
1 5 glycidyl ether phosphine oxide mixtures can be advanced with hydroxyl phosphine 
oxides of this invention to make oligomers. 

Alternative methods to obtain the glycidyl ethers are available and could also 
be employed. For example, the hydroxyarylphosphine oxide mixture can be 
20 conx erted to the allyl ether by treatment with allyl chloride, followed by oxidation of 
the resulting olefin to an epoxy group by known synthetic methods. 

The phosphine oxide mixture, or after being converted to the glycidyl ethers, 
or after being advanced to epoxy oligomers, can be cured with standard hardeners 
25 such as a combination of dicyandiamide and 2-methylimidazole. The phenolic 
mixtures act as hardeners themselves. Other phenolic hardeners include, but not 
limited to. phenolic resins obtained from the reaction of phenols or alkyl-substituted 
phenols with formaldehyde, such as phenol novolaks. cresol nov olaks. and resoles. 
Other hardeners include amines, anhydrides, and combinations involving amines with 
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Lewis acids. Amine hardeners include, but not limited to. alk> 1 amines. ar> I amines, 
amides, biguanide derivatives, melamine and guanamine derivatives, methylene- 
dianiline. diaminodiphenylsulfone. imidazoles, ethylenediamine. diethylenetriamine. 
poKamides. polyamidoamines. imidazolines, polyetheramines. araliphatic amines. 

5 dic> andiamide. and m-phenylenediamine. Combinations of nitrogen-containing 
catah st with Lewis acids include the heterocyclic secondary and tertiary amines and 
the Lewis acids including oxides and hydroxides of zinc. tin. silicon, aluminum, 
boron, and iron. Other curing agents include carboxylic acids and anhydrides, amino- 
formaldehyde resins, and amine-boron complexes. Many types of curing agents that 

1 0 would be useful can be found in any basic epoxy resin text. In addition, the resins 

described in the present mvenuon vbcc i.AaniH'>- " — ' - " 

formulated with additional additives and fillers to affect cure rate, enhance flame 
retardancy. and increase physical properties. The formulation in Example 6 is 
intended to be used for the manufacture of prepregs and glass-reinforced laminates 

1 5 for the fabrication of printed wiring boards. 

Typically, fillers and reinforcing agents include mica. talc, kaolin, benlonite. 
wollastonite. glass fiber, glass fabrics glass matt, milled glass fiber, glass beads (solid 
or hollow), silica, or silicon carbide whiskers and so forth. Many of these materials 

20 are enumerated in the Encyclopedia of Materials Science ami Engineering, Vol. # 3. 
pp. 1745 - 1759. MIT Press. Cambridge. MA (1986). the disclosure of which is 
incorporated herein by reference. Combinations of fillers arc preferred in .omo 
embodiments: whereas in other embodiments, the reinforcing agent makes up most of 
the composite of the invenfion. as in the case of glass fabric used in prepregs and 

25 laminates for printed wiring boards. 

Additionally, the resin described in the present invention (see Example 3a for 
a specific case) may be formulated with other flame-retardant materials as co- 
additives with the compounds of the present invention to improve the performance. 
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These co-FR materials could be either inorganic or organic and can be reacti^ e or 
additive based compounds. Examples of inorganic additive type materials include, 
but not limited to. aluminum trihydrate (ATH). magnesium hydroxide, barium 
hvdroxide. calcium carbonate, titanium dioxide, and silicon dioxide. Examples of 
omanic based additives or reactives include, but not limited to. triphenyl phosphate. 
resxKcinol bis(di-2.6-xylyl phosphate). 9.10-dihydro-9-oxa-10-phosphaphenanthrene- 
10-oxide. bisphenol A bis(diphenyl-phosphate). melamme. melamine phosphate, 
melamine borate and many others familiar to one skilled in the art. 

The preparation of the mixtures of the present invention has the added benefit 

als from nure 

of being much more economical to proauce luan iiiaMu^ p-.^ ^ . 

intermediates, which consequently, requires more expensive reagents. As in. for 
example, one method in the preparation of bis(4-methoxyphenyl)phenylphosphine 
oxide, which could entail the use of dichlorophenylphosphine oxide. The raw 
materials used in this specific invention are based on the relatively inexpensive 
phosphorus oxychloride and organo halides. Alternatively, one could utilize 
phosphorus trichloride in the same type of chemistry and oxidize the resulting 
phosphines to phosphine oxides by known synthetic methods. 

To demonstrate the flame retardant activity of these mixtures, a series of 
laminates was prepared using various forms of the preferred invention. A study was 
undertaken in order to observe the inirin.ic properties of the rcactiN O phcpbine oxide 
and its derivatives upon the resuhing laminates when using a bisphenol A based 
epoxv resin without the use of any additional additives other than a standard hardener 
and accelerator (see Examples below, particularly. Example 7. Table 3). Significant 
improvements in the flame retardant properties are observed with the compositions of 
this invention. In addition, improved thermomechanical properties are attained, such 
as improved thermal stability and good glass transition temperatures of the resulting 
laminates, while offering significant adx antages in cost sa% ings. 
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Thus in accordance with the practice of this inv ention a resin-impregnated 
composite comprising at least one of a filler or reinforcing agent and the curable 
composition as described herein is provi 



vided. which is at least partially cured. For 
example, the glycidyl ethers and epoxy resins of the inv ention are advantageously 
5 used in the fabrication of prepregs and laminates used to make printed wiring boards. 
The resin prepared as described herein is mixed with one or more hardener(s) and 
optionally accelerator(s) and applied to a glass cloth, such as glass cloth layers 10. 12. 
14 as shown in Figure 1. The resin-impregnated sheets or prepregs are then at least 
partially cured in an oven typically at 150 °C-200 °C for a few minutes; for example. 
10 from 1-5 minutes. 

In order to prepare a laminate of the class used for printed wiring boards, a 
plurality of prepregs are stacked next to each other as shown in Figure 2, wherein 
resin-impregnated layers 10-24 are shown. On each side of the stack there is 

1 5 provided a copper foil layer, such as layers 26. 28. The stack, including cloth layers 
10-24 and foil layers 26. 28. is then pressed at elevated temperatures in a press for an 
hour or more to produce a consolidated laminate 30. Laminate 30 thus includes a 
plurality of fused layers 10-24 of the resin-impregnated glass fabric. If so desired, 
more or fewer layers of prepregs or foil may be used depending on the desired 

20 structure. 

In another embodiment of ihi. iincnlion. there is also prox idcd a nov el 
bis(hv droxyphenyl)phosphine oxide of the formula: 



HO- 



R 

P- 

0 

(V) 



// w 

\r\\ \= 



■OH 
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wherein -R is selected from the group consisting of 





// w 



■0 






r.H 




or 



(CH3)3CH 
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Specific examples of di(4-hydroxyphenyl)(ar>l or alkyl)bisphenols. as 
disclosed herein include di(4-hydroxyphenyl)-a-naphthylphosphine oxide. 
di(4-hydroxyphenyl)-P-naphthylphosphine oxide. di(4-hydroxyphenyl)-/.rr- 
butvlphosphine oxide. di(4-hydroxyphenyl)-2.4.5-trimethylphenylphosphine oxide. 
di(4-hydroxyphenyl)-4-phenoxyphenylphosphine oxide and di(4-hydroxyphenyl)-/.- 
tolylphosphine oxide. 

m a.u.ihci aspect of this embodiment of the invention, the bisphenols as 
described herehi can also be converted to the corresponding bis-glycidyl ethers by 
wav of reaction with epichlorohydrin in the presence of base as described 
hereinabove. Both the bisphenols and their bis-glycidyl ethers are suitable in the 
formation of curable epoxy formulations as described herein, which are further 
entploved in the formation of fire retardant laminates as described herein. 
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This invention is further illustrated by the following examples, which are 
pro\ ided for illustration purposes and in no w ay limit the scope of the present 
invention. 

5 EXAMPLES (General) 

In the Examples that follow, the following abbreviations are used: 
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BHPPPOM 

CDCb 

DICY 

DSC 

EEW 

EPON 828 

FR 

GC 
LC 

MeCN 

MI 

MW 

NMR 

T-260 



PGME 

POCl;, 

PWB 



bis(4-hydroxyphenyl)phenylphosphine oxide mixture 

deutero-chloroform 

dicyandiamide 
J j: *u,,i„,,nv,,-;ri<i 

fc<6"Uiiiiv_m_y i3uin->/vna«. 

differential scanning calorimetry 
epoxide equivalent weight 

Resolution Performance Products: 4,4'-isopropylidenediphenol 

polymer with l-chloro-2.3-epoxypropane 

flame retardant 

gas chromatograph 

liquid chromatograph 

acetonitrile 

2-methylimidazole 

molecular weight 

nuclear magnetic resonance spectroscop) . usual K of phosphorus. ''P 

refers to a test method defined by the IPC (Association Connecting 

Electronics Industries) to determine the time to delamination at 260 

°C. Test method No. 2.4.24.1 is used. 

Dowanol PM (the chemical used is l-methoxy-2-propanol) 

phosphorus oxychloride 

printed wiring boards 
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rt room temperature 

i;, glass transition temperature 

TGA thermal gravimetric analysis 

IHF tetrahydrofuran 

>0 triphenylphosphine oxide 



1 ppr 



RXAMPLF 1 . Pure Hvdroxvar\ Iph osphine Oxides. 

la. Bis(4-methoxyphenyl)phenylphosphine Oxide. A slurry of magnesium (133.7 
g. 5.50 mol). tetrahydrofuran (988g). and L2-dibromoethane (0.1 0.5 mmol) was 
refluxed for 20 min. under a blanket of nitrogen. 4-Bromoanisole (1002 g. 5.357 

70 °C The reaction mixture 
mol) was addea Dy drop ovei o n ai a im^ ............. . - - 

was heated for an additional hour. Dichlorophenyiphosphine oxide (479.4 g, 2.459 
mol) was added by drop to maintain a temperature of 35 °C over 5 h. The reaction 
mixture was worked up to give bis(4-methoxyphenyl)phenylphosphine oxide (770.8 
g. 93% yield) as a viscous amber oil. ^'P NMR: (c/.-DMSO) 5 30.2 (s). 

lb. Bis(4-hydroxyphenyl)phenyl Phosphine Oxide. Bis(4-methoxyphenyl)phen> 1 
phosphine oxide (1.77 g. 5.2 mmol) and hydrobromic acid (31.0 g. 48%. 0.18 mol) 
were stirred at 123 °C for 21 h. The flask was fitted with a sodium sulfite scrubber 
for comaimnent of methyl bromide. The reaction mixture was worked up to give the 
product as a tan powder (1 .0 g, 62% yield). '^'P NMR: (J.-DMSO) 6 27.9 (s). 

Ic. Tris(4.inethoxyphenyI)phosphine Oxide. A reaction flask under nitrogen 
containing magnesium turnings (223.9 g. 9.21 mol) and 1950 mL THF was charged 
with 1 drop of 1 .2-dibromoethane and heated to reflux for 1 h. Heating was removed 
and ;;-bromoanisole ( 1 683 g. 9.00 mol) was added dropwise at a rate to maintain 
reflux. After holding the reaction mixture ONernight. POCl, (460.0 g. 3.00 mol) was 
added slowly over 2 h at 50-79°C and the resulting mixture was held o^ ernight at 
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50°C. The product was isolated b> aqueous workup to gixe 984.5 g of tris(4- 
methoxyphenyDphosphine oxide (89.0% yield). Recrystalli/ed analytical specimen 
(from elhyl acetate): mp 145.2 °C (DSC), lit. 143-144 °C (./. Org. Chen. 1960. 25. 
2001). 

Id. Tris(4-hydroxyphenyl)phosphine Oxide. A reaction flask containing lris(4- 

methoxyphenyDphosphine oxide (973.2 g) was charged with 48% aq HBr (2250 ml) 
and KBr (126.1 g). The flask was fitted with a sodium sulfite scrubber for 
containment of methyl bromide. The reaction mixture was heated to reflux ( 1 14°C) 
and maintained at reflux until complete based on HPLC analysis. The product was 
worked up to give 558.5 g of tris(4-hydroxyphenyi)phospliinc oxide NMR (^-'o- 
DMSO): 8 27.6 (s); 'H NMR (J.-DMSO): 8 10.9 (s. 3H). 7.38 (m. 6H). 6.84 (m. 
6H)). 

Following the procedures as set out in Example la various methoxyaryl phosphine 
oxides of this invention are prepared employing the starting materials as summarized 
below: 



le. Bis(4-inethoxyphenyl)(l-naphthyl)phosphine oxide: 

133.7 g. 5.50 mol 



Magnesium 
THF 

1 .2-dibromoethane 
4-Bromoanisole 

Dichloro(l -naphthvDphosphine oxide 



988 g 

U.l g. U.5 mmoi 
1002 g. 5.357 mol 
(612.5 g. 2.5 mol) 



If. Bis(4-methoxyphenyi)(2-naphthyl)phosphine oxide: 

133.7 u. 5.50 mol 



Magnesium 
THF 



988 g 
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1.2-dibromoethane 0.1g.0.5mmol 
4-Bromoanisole 1002 g. 5.357 mol 

Dichloro(2-naphthyDphosphine oxide (612.5 g. 2.5 mol) 

5 Ig. Bis(4-methoxyphenyl)(4-methyIphenyl)phosphinc oxide: 

Magnesium 133.7 g. 5.50 mol 

THF 988 g 

L2-dibromoethane O.lg.O.Smmol 
4-Bromoanisole 1002 g. 5.357 mol 

1 0 Dichloro(4-methylphenyl)phosphine oxide (522.5 g, 2.5 mol) 

Ih. Bis(4-inethoxyphenyl)-2,4,5-trimethylphenylphosphine oxide: 

Magnesium 133.7 g. 5.50 mol 

THF g 

15 1.2-dibromoethane O.lg.O.Smmol 

4-Bromoanisole 1002 g. 5.357 mol 

Dichloro-(2.4.5-trimethylphenyl)phosphine oxide (592.7 g. 2.5 mol) 

li. Bis(4-methoxyphenyl)(4-phenoxyphenyl)phosphine oxide: 

20 Magnesium 133.7 g. 5.50 mol 

THF 988 g 

l.2-dibromoeihanc 0 , g. 0 S mmo! 

4-Bromoanisole 1002 g. 5.357 mol 

Dichloro(4-phenoxyphenyl)phosphine oxide (677.7 g. 2.5 mol) 

25 

Ij. Bis(4-methoxyphenyl)-/t?r/-butyiphosphine oxide: 

133.7 g. 5.50 mol 
Maenesium ^ 

I-HF 988 g 

1.2-dibromoethane 0.1g.0.5mmol 
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. „ • , 1002 g. 5.357 mol 

4-Bromoanisole ^ 

Dichloro-/m-butylphosphine oxide (437.5 g. 2.5 mol) 

Following the procedures as set out in Example lb xarious hydroxyanl phosphine 
5 oxides of this invention are prepared employing the starting materials as summarized 
below: 

II. Bis(4-hydroxyphenyl)(l-naphthyl)phosphine oxide: 
Bis(4-methoxyphenyl)(l-naphthyl)phosphine oxide 2.42 g. 5.2 mmol 

„ ^ , ... 31.0 g. 48%. 0.18 mol 

10 Hydrobromic acid ^ 

Im. Bis(4-hydroxyphenyl)(2-naphthyl)phosphine oxide: 

Bis(4-metho.xyphenyl)(2-naphthyl)phosphine oxide 2.42 g, 5.2 mmol 

, , . ' . , 31.0 g. 48%. 0.18 mol 

Hydrobromic acid 

15 

In. Bis(4-hydroxyphenyl)(4-methylphenyl)phosphine oxide: 

Bis(4-methoxyphenyl)(4-methylphenyl)phosphine oxide 1.8 g. 5.1 mmol 

, , . 31.0 e. 48%. 0.18 mol 

Hydrobromic acid 

20 lo. Bis(4-hydroxyphenyl)(2,4,5-triniethylphenyl)phosphine oxide: 

Bis(4-methoxyphenyl)(2.4.5-trimethylphenyl)phosphine oxide 1 .94 g. 5. 1 mmol 

^\0o 4S<M,. 0,18 mol 
Hydrobromic acid " 

Ip. Bis(4-hydroxyphenyl)-tert-but>lphenylphosphine oxide: 

25 Bis(4-methoxyphenyl)-tert-butylphenylphosphine oxide 1 .65 g. 5.2 mmol 

,, , ^ . .. 31.0 ii. 48%. 0.18 mol 

Hvdrobromic acid 
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EXAMPI F 2. nihvdrnxvarvlphosphine Oxide Mixjuigs. 

2a. Bis(4.methoxyphenyl)phenyIphosphine Oxide Mixture. Magnes.um (1430 g. 

R n.oU. tetrahvdrofuran (12 L). and 1 .2-dibromoethane (2.2 g. 0.012 mol) were 
stirred under nitrogen for 1 h. The mixture was then heated to retlux and then the 
heatina stopped. Bromobenzene (3000 g. 19.1 mol) and 4-bromoanisole (7150 g. 
38.2 mol) were added consecutively at a rate to maintain a slow retlux (67 °C) over a 
period of 4 h. The reaction mixture was then held for a further 5 h at 70 °C. 
Phosphorus oxychloride (2930 g. 19.1 mol) was added at a rate to maintain a 
temperature of 70 °C (5 h). The reaction was then held at 70 °C tor a further 5 h. 
The reaction mixture was quenched and worked up to give the product mixture (.772 

g. 89%) as an amber colored oil. " f imvik: vu6-i^mov.; . .... - 

03%) 26 6 (s, 44%). 26.5 (s, 27%). GC (area%): triphenylphosphine oxide 3.8%. 
diphenyl(4-methoxyphenyl)phosphine oxide 21.5%, bis(4-methoxyphenyl)phenyl- 
phosphine oxide 40.6%, and tris(4-methoxyphenyl)phosphine oxide 25.7%. 

2b. Bis(4.hydroxyphenyl)phenylphosphine Oxide Mixture. Bis(4- 
methoxvphenvDphenylphosphine oxide mixture (2359 g. 6.97 mol). hydrobromic 
acid (48%. 8344 g. 49.5 mol). and potassium bromide (243 g. 2.04 mol) were stirred 
at 1 20 °C for 48 h. The llask was fitted with a sodium sulfite scrubber for 
containment of methvl bromide. The lower aqueous layer was removed and the 
product laver was worked up to afford bis(4-hydroxyphenyl)phenylphosphine oxide 
.fixture as a tan powder (1601 g. 74%,. m.p. (DSC ,. 93 C. ^'P XMR (i.-DMSOV . 
27.7 (s. 24.7%); 27.5 (s. 47.7%); 27.4 (s. 25.4%); 27.2 (s. 2.2%). 

The mixed Grignard reaction was performed using var) ing stoichiometrics of 
Grignard reagent (Table 1.). The product ratios were detemiined by use of ^^'P NMR. 
Entrv 2 was discussed in example text. 
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PhMgBr MeOPhMgBr POCl.; 
Entr> Equiv. Equi\. Equiv. 



Yld. 


rppo' 


Mono" 


r>is' Iris' 


85 


0 


9.7 


38.3 52.0 


89 


6 


23 


44 27 


80 


12.1 


37.2 


37.5 13.2 



1 0.60 2.4 1 

2 1.0 2.0 1 

3 1.5 1.5 1 

y^— j^^^^^lpl^^ oxide 3) bis(4- 

methoxvphenvDphenylphosphine oxide 4) tris(4-methoxyphenyl)phosphine oxide. 



2c. Bis(4-methoxyphenyl)(4-methylphenyl)phosphine Oxide Mixture. 

Magnesium (1430 g, 58.8 ir^ol). tetrahydrofuran (12 L). and 1 .2-dibromoethane (2.2 
g. 0.012 mol) were stirred under nitrogen lor 1 h. The mixture was then heated to 
reflux and the heating stopped. A mixture of 4-bromotoluene (3268 g. 19.1 mol) and 
4-bromoanisole (7150 g. 38.2 mol) was added at a rate to maintain a slow reflux (67 
°C) over a period of 4 h. The reaction mixture was then held for a further 5 h at 70 
°C Phosphorus oxvchloride (2930 g. 19.1 mol) was added at a rate to maintain a 
temperature of 70 °C (5 h). The reaction was then held at 70 °C for a further 5h. The 
reaction mixture was then worked up to give the product mixture (5563.8 g. 83%) as 

an amber colored oil upon concentration. "^'P NMR: (c/.-DMSO) 6 27.3 (s). 27. 1 (s). 

26.9 (s). 26.9 (s). 26.7 (s). GC(area %): tris(4-methylphenyl)phosphine oxide 3.8%. 

bis(4-meth> lphen> l)(4-methoxyphenyl)phosphine oxide 21.0%. bis(4-methoxy- 

phenyl)(4-meth> lphenyl)phosphmc oxide 39.4%. and tris(4-methox>phenyl)- 

phosphine oxide 25.1%. 

2d. Bis(4-hydroxyphenyl)(4-niethyIphenyl)phosphine Oxide Mixture. A mixture 
of bis(4-methoxyphenyl)(4-methylphenyl)phosphine oxide mixture (470.2 g. 1 .33 
mol). hvdrobromic acid (1458.1 g. 48%. 8.65 mol). and potassium bromide (45.0 g. 
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0.378 mol) were stirred for 1 12 h at 1 10 °C. The tlask was fitted with a sodium 
sulfite scrubber for containment of methyl bromide. The lower aqueous layer was 
removed and the molten product layer was worked up to gix e bis(4-hydrox> piicn> l)- 
(4-methylphenyl)phosphine oxide mixture as a tan powder (292.8 g. 77% yield), m.p. 
(DSC): 142.5 °C. ^'P NMR (J,-DMSO): 28.33 (s. 90.1%). 28.14 (s. 9.86%). 
LC(area%. THF:MeCN:water. 5:15:30): 16.2. 48.9. 20.1. 

2e. Bis(4-methoxyphenyl)-2,4,5-trimethylphenylphosphine oxide mixture. A 
reaction fiask under nitrogen containing magnesium turnings ( 1 20 g. 4.94 mol ) and 
412 mL THF was charged with 0.5 g of 1 .2-dibromoethane and heated to reflux for 1 

- . 1 1 c l-.*.^**/*^ 10/1 trim f»tWlhpn7Pnf nOO Q. 1.51 

h. A separate tlask was cnargeu Willi J-UHJU1W-..X.,, ..wws-w.^ . 

mol). dissolved in 568 mL of THF. The heat was removed from the first flask and the 
5-bromo-l .2.4-trimethylbenzene solution was added dropwise at a rate to maintain 
reflux. 4-Bromoanisole (536.7 g. 3.01 mol) was then added over 1 .5 h at 75 °C 
reaction temperature. After holding the reaction mi.xture overnight. POCl, (23 1 g. 
1 .51 mol) was added dropwise at 40-80 °C. The product mixture was isolated by 
aqueous workup to give 453.6 g (79% yield) of product mixture as a nIscous liquid. 
1 he structure was consistent with NMR data. 

2f. Bis(4-hydroxyphenyl)-2,4,5-triinethylphenylphosphine Oxide Mixture. A 

reaction flask containing the bis(4-methoxyphenyl)-2.4.5-trimethylphenylphosphine 
oxide mixture (443.7 g) was charged with 48% aq. HBr (934 mL) and KBr (50.5 g). 
The flask was fitted with a sodium sulfite scrubber for containment of methyl 
bromide. The reaction mixture was heated to reflux (118 °C) and maintained at 
reflux until complete based on HPLC analysis. The molten product was worked up to 
give 283.3 g of bis(4-h>drox> phenyl)-2.4.5-trimeth> lphen> lphosphine oxide mixture 
as a cream solid (68.9% yield). The ratio of products in the mixture based on "P 
NMR was 39% tris(4-hydroxyphenyl)phosphine oxide. 49% bis(4-hydroxyphenyl)- 
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2.4.5-trimethylphen\iphosphine oxide. 1 1% di-2.4.5-trimethviphen\i-4- 
hydroxyphenylphosphine oxide, and 1% tris(2.4.5-trimediylphenyl)phosphine oxide. 

2g. Bis(4-methoxyphenyl)(l-naphthyl)phosphine Oxide Mixture. A mixture ol 
5 magnesium (125.2 g. 5.15 mol). 1 .2-dibromoethane (0.1 g. 0.5 mmol) and dry THF (1 
L) were stirred under a blanket of nitrogen at rt for 1 h. The mixture was brought to 
65 =C and 1 -hromonaphthalene (343.7 g. 1.66 mol) was added by drop. Once the 
reaction initiated, the heating was removed and the 1 -hromonaphthalene addition was 
continued for 2 h at a rate to maintain 55 °C. 4-Bromoanisole (623.5g. 3.33 mol) was 
1 0 then added over 4 h. The temperature was adj usted to 65 °C and held for a further 3 

. 1 . • 1 /If r- e ^ \ cc ™„n -..rnr. tVion o,^/-^^«r^ rlmn to maintain a 
h. ftiospnorus oxycnionue mui; vvu.j n.v-x. — — r- 

temperature of 50-60 °C over 6 hours. The temperature was then adjusted to 50 Q 
and held overnight. The reaction mixture worked up to afford bis(4-methoxy- 
phenyl)(l-naphthyl)phosphine oxide mixture as an amber solid (508 g, 79 yield %). 
15 -"P NMR (CDCb): 8 37.49 (s, 3.0%), 35.32 (s. 2.4%). 33.64 (s. 31.1%). 30.37 (s. 
50.8%). 19.59 (s. 12.7%). 

2h. Bis(4-hydroxyphenyl)(l-naphthyl)phosphine Oxide Mixture. Bis(4- 
metho.xyphenyl)(l-naphthyl)phosphine oxide (352 g. 0.906 mol). hydrobromic acid 
20 ( 1474 g- 48%. 8.74 mol). and potassium bromide (45 g. 0.378 mol) were heated at 
1 10 °C for 96 h. The flask was fitted with a sodium sulfite scrubber for containment 
of methyl bromide. I he mixture was worked up to give the product as a brow n solid 
(267 g. 82% yield). ""P NMR (4-DMSO): 5 35.19 (s. 5.2%). 30.96 (s. 74.4%). 27.16 
(s. 19.3%). m.p.(DSC): 114.7°C. 

25 

21. Bis(4-methoxyphenyl)-/t?r/-buty Iphosphine Oxide Mixture. 

Magnesium (30. Ig. 1.24 mol). tetrahydrofuran (400 mL). and 1 .2-dibromocthanc (1 
drop) were stirred under nitrogen for 1 h. The mixture was then healed to rellux and 
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the heating stopped. 4-Bromoanisole (224.4 g. 1 .20 mol) was added as a mi.xture at a 
rate to maintain a slow reflux (67 "C) o\er a period of 4 h. Tiie reaction mixture was 
then held for a further 3h at 70 'C. To a tetrahydrofuran (500 mL) solution of 
phosphorus oxychloride (92.0g. 0.60 mol) was added by drop /e/V-butylmagnesium 

5 chloride (300 mL. 2.0 M. 0.60 mole) over 5.5 h and held at 40 °C for 1 h. Then the 4- 
methoxyphenylmagnesium bromide solution prepared above was added by drop over 
2h at a rate to maintain 40 °C. The mixture was allowed to stir for 2 days at rt. The 
reaction mixture was worked up to yield a pale-yellow sticky solid (135. 6g. 71%). 
NMR (6/(,-DMS0): 8 44.7 (s. 43.0%). 37.8 (s. 7.0%). 26.5 (s. 7.6%). 25.4 (s. 

10 36.4%). 14.9 (s. 6.0%). 

2j. Bis(4-hydroxyphenyl)-/^r/-butylphosphine Oxide Mixture. 

Bis(4-methoxyphenyl)-r<?;Y-butylphosphine oxide mixture (25.0g). hydrobromic acid 
(770g. 48%). and potassium bromide (30.0g) were stirred for 25h at 120 °C. The flask 
1 5 was fitted with a sodium sulfite scrubber for containment of methyl bromide. The 
reaction mixture was worked up to give a tan solid (9.6g. 40%). ''P NMR {d(,- 
DMSO): 6 46.3 (s. 31.8%). 39.6 (s. 31.7%). 28.7 (s. 20.4%). -8.2 (s. 16.1%). 

EXAMPLE 3. Forwardinu Reactions Usine Hvdro warvlphosphine Oxides. 
20 3a. Bis(4-hydroxyphenyl)phenylphosphine Oxide Mixture/EPON 828 Adduct. 
Bis(4-hydroxyphenyl)phenylphosphine oxide mixture (BHPPPOM) (329 u) and 
LPON 828 03 18 g) were heated at 170 ~C for 40 min. l-Mctho.\y-2-piopanol (410 
g) was then added to afford an amber colored resin. Solution EEW: 460.9. %Solids; 
86. 

25 

This procedure was repeated with different reactant stoichiometries to affect the final 
oligomer molecular weight and phosphorus content as show n in Table 2. 



10 
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Table 2. Fonvarding Reaction of EPON 828 with 

Bis<hvdro xvDhenvl)phenylphosphine oxide Mixture (BHPPPOM). ^ 

BHPPPOM EPON 828 PGME %Solids EEW Calc. %P Calc. 

"80:4^ 616:61 174^ 80:0 IST^ ^ 411^ 

329 g 1218 g 410 g 86.0 460.9 2 792.8 

210.0 g 452.4 g 166g 84.0 891.0 3 1496 



a) Calc. from %P content of BHPPOM. b) Calc. from EEW. 

3b. Bis(4-hydroxyphenyl)(4-methylphenyl)phosphine Oxide Mixture/EPON 828 
Adduct. Bis(4-hydroxyphenyl)(4-methylphenyr)phosphine oxide mixture (100 g) 
and FPON 828 (.350 g) were heated at 170 °C for 90 min. l-Methoxy-2-propanol 
(PGME) (1 12 g) was then added to afford an amber colored resin. Solution EEW: 
463.2. %Solids: 81. 



3c. Bis(4-hydroxyphenyl)phenyIphosphine Oxide/EPON 828 Adduct. Bis(4- 

hydroxyphenyDphenylphosphine oxide (196.0 g) and EPON 828 (782.0 g) were 
heated at 1 70 °C for 40 min. The clear dark brown resin was then diluted with 2 1 8 g 
of PGME and filtered hot through a pad of glass wool. Solution EEW: 454: %Solids: 
15 88.7. 

3d. Bis(4-hydroxyphenyl)phenylphosphine Oxide Mixture Enriched in Tris(4- 
hydroxyphenyDphosphine Oxide/EPON 828 Adduct. A mixture of EPON 828 
(330.9 g) and a sample of the bis(4-h\ droxyphen> l)phen> lphosphine oxide mixture 
20 assaying to contain triphenylphosphine oxide (3 .0 g). diphenyl(4-hydroxyphen> 1)- 
phosphine oxide (13.7 g). bis(4-hydroxyphenyl)phenylphosphine oxide (30.7 g) and 
tris(4-hydroxyphenyl)phosphine oxide (49.2 g) were heated at 170 °C for 40 min. 
PGME ( 1 40 g) was then added to give a brown resin. Solution EEW: 52 1 . %Solids: 
88. 
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3e. Bis(4-Hydroxyphenyl)phenylphosphine Oxide Mixture Enriched in 
Diphenyl(4-hydroxyphenyl)phosphine Oxide/EPON 828 Adduct. A mixture of 
KPON 828 (352.9 g). bis(4-hydroxyphenyl)phenylphosphine oxide mixture assaying 
to contain triphenylphosphine oxide (3.0 g). diphenyl(4-hydroxyphenyl)phosphine 
5 oxide (39.2 g). bis(4-hydroxyphenyl)phenylphosphine oxide (30.7 g) and tris(4- 
hydroxyphenyDphosphine oxide ( 1 9.2 g) was heated at 1 70 °C for 40 min. PGME 
(1 1 1 g) was then added to give a brown resin. Solution EEW: 396. %Solids: 83.8. 

3f. Tris(4-hydroxyphenyl)phosphine Oxide/EPON 828 Adduct. A mixture of 
1 0 tris(4-hydroxyphenyl)phosphine oxide (prepared in a method analogous to example 

- . . . • 1 . -x-i /Ti T «\ A. itl-i FPOKi 898 (IQ 3 (j^ was 

2a.D using mree equivaicms ui unjiinjainouK-y v,-'— &/ . — > 

heated over a 7 min period to 150 °C. The mixture to this point was a slurry of the 
phosphine oxide in EPON 828. In the next 4 min., the pot reached a temperature of 
1 80 °C. and this point a portion of the phosphine oxide aggregated into a polymeric 
15 mass. 



Following the procedures as set out in Example 3a. various epoxy resins of this 
invention are prepared employing the pure hydroxyarylphosphine oxides as prepared 
in accordance with Example 1 or the dihydroxyarylphosphine oxide mixtures as 
prepared in accordance with Example 2 and utilizing various epoxy resins known in 
the art. A representative list of hydroxyar\ lphosphine oxides and the epoxy resins 
that can be employed are summarized below . 
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Hvdroxvarvlphosphine oxides 

Bis(4-hydroxyphenyl)phenylphosphine Oxide 
I ris! 4-hydroxyphenyl )phosphine oxide 



Enow Resins 



EPON 828 



D.Ii.N.™ 



^ 



Oxide 



Bis(4-hydroxyphenyl)(2-naphthyl)phosphine 



Qualrex^^' 
Phenol novolaks 



Bis(4-hydroxyphenyl)(l-naphthyl)phosphine Glycidyl ether of bisphe: 



Bis(4-hydroxyphenyl)(4-methylphenyl)phosphine Epoxy cresol novolak resi 
Oxide 

10 Bis(4-hydroxyphenyl)(2,4,5-trimethylphenyl)phosphine 
Oxide 

Bis(4-hydroxyphenyl)-tert-butylphenylphosphine 
Oxide 

Bis(4-hydroxyphenyl)phenylphosphine Oxide 

15 Mixture 

Bis(4-h\droxyphenyl)(4-methylphenyl)phosphine 

Oxide Mixture 

Bis(4-h>droxyphenyl)-2,4,5-trimethylphenylphosphine 

Oxide Mixture 
20 Bis(4-hydroxyphenyl)( 1 -naphthyl)phosphine 
Oxide Mixture 

Bis(4-hydroxyphenyl)-/cT/-butylphosphinc 
Oxide Mixture 

25 EXAMPLE 4. Glvcidvl Ether Derivatives. 

4a. Bis(4-glycidoxyphenyl)phenylphosphine Oxide Mixture. 

Bis(4-hydroxyphenyl)phenylphosphine oxide mixture (962.0 g. 3.10 mol), 
epiehlorohydrin (2052.0 g, 22.18 mol). and methyl cellosolve (100 g) were h. 
80 °C. Solid sodium hydroxide (260.4 g, 6.5 1 ) was added slowly over 1 .5 h. 



Oxide 



Epoxy phenol novolak resins 
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Towards the end of the addition, the exothermic reaction was cooled in an ice-bath. 
The volatiles were then stripped under vacuum to a temperature of 1 60 °C. Then 
methN lene chloride (3 L) was added and the sodium chloride was remoN cd b> 
tiltration. After filtration, the volatiles were removed under % acuum at 1 50 °C. and 
5 PGMH (258 g) was added to give an amber resin. Solution EEW: 407.0. %Solids: 
88. 

4b. Tris(2-glycidoxyphenyl) phosphine Oxide. 

Heat a mixture of tris(2-hydroxyphenyl)phosphine oxide (198.2 g. 0.607 mol). 

1 0 epichlorohydrin (674.0 g, 7.28 mol), and methyl cellosolve (75 g) to 80 °C. Add 

solid sodmm hydroxiae ( /o.h g, i.vi; biuwij- uvci ^.^ 

exotherm by cooling the reaction mixture in an ice-bath. Remove the volatiles under 
vacuum at a temperature of 160 °C. Then add methylene chloride (3 L) and remove 
sodium chloride by filtration. After filtrafion, remove the volatiles under vacuum at 

15 150 °C and isolate the title compound. 

Following the procedures as set out in Example 4a various glycidoxyaryl phosphine 
oxides and mixtures are prepared employing the pure hydroxyar>lphosphine oxides as 
prepared in accordance with Example 1 or the dihydroxyarylphosphine oxide 
20 mixtures as prepared in accordance with Example 2. the glycidyl ethers thus prepared 
are summarized below: 
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Bis(4-glycicloxyphenyl)phenylphosphine Oxide 

Tris(4-glycidoxyphenyl)phosphine Oxide 
Bi3(4-glycidoxypbenyl)(2-naphthvDphosphine Oxide 

Bis(4-glycidoxyphenyl)(l-naphthyl)phosphine Oxide 
Bis(4-gKcidoxyphenyl)(4-metliylphenyl)phosphine Oxide 
Bis(4-glycidoxyphenylX2.4.5-tnmethylphenyl)phosphine Oxide 
Bis(4-glycidoxyphenyl)-tert-butylphenylphospliine Oxide 

Bis(4-glycidoxyphenyl)phenylpiiospliine Oxide Mixture 
Bis(4-glycidoxyphenyl)(4-methylphenyl)phosphine Oxide Mixture 
Bis(4-glycidoxyphenyl)-2,4,5-trimethylphenylphosphine Oxide Mixture 

Bis(4-glycidoxyphenyl)(l-naphthyi)phosphine Oxide Mixture 
Bis(4-glycidoxyphenyl)(2-naphthyl)phosphine Oxide Mixture 
Bis(4-glycidoxyphenyl)-/c'rf-butylphosphine Oxide Mixture 

FX AMPLE 5 r,l yridvl Ether Derivat iveandFoi^^ 
Bis(4-gIycidoxyphenyI)phenylphosphine Oxide Mixture/Bis(4- 
hvdroxvphenvDphenylphosphine Oxide Mixture Adduct. B,s(4- 
hvdroxvphenvDphenylphosphine oxide mixture (120 g. 0.387 mol). epichlorohydnn 
(^56 2.77 mol). and methyl cellosolve (13 g) were heated to 80 °C. Solid sod.um 
hvdroxide (32.6 g. 0.815 mol) was added slowly over an hour and a half. Towards 
the end of the addition, the reaction exothermed and had to be cooled in an ice-bath. 
Then 500 mL of methylene chloride was added and ihc .odium chloride was removed 
bv filtration. The organics were stripped under vacuum to 1 50 °C. Bis(4- 
hvdroxvphenvDphenylphosphine oxide (25.8 g. 0.0831 mol) was then added and held 
, ai 1 80 °C for 30 min. The resin was then diluted with 56 g of PGME. Solution 
EEW: 610. %Solids: 83. 

F„nowi,v. ,l« procedures as se, ou, i,r Example 5 various glyeidoxyaryl phosphine 
oxides and mixtures are prepared employiug Ore pure 1„ droxyarylphosplriue ox.des as 
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prepared in accordance with Example 1 or the dihydroxyarylphosphine oxide 
mixtures as prepared in accordance with Example 2. the glycidyl ethers thus prepared 
are treated with one or more of the pure hydroxyarylphosphine oxides of I-xample 1 
or the dihydrox> ary lphosphine oxide mixtures of Example 2 to form various epoxy 
resins of this invention. 



EXAMPLE 6. Epoxv Laminate. 

To a 32 oz glass jar 21 1 g (100 phr) of epoxy resin solids, prepared as 
described in Example 3a. 5.67 g (2.7 phr) dicyandiamide. 0.1 g 2-methylimidazole 
(0.05 phr). and 35 g dimethylformamide (17 phr) was added and stirred vigorously 

for 1 5 mm ana tnen aiiowea lo sii ai z.j lui ^-t uwuio. .^.c^. p^w^ j, — 

(12 in". 7628 style) were individually coated with the above varnish. The 
impregnated sheets were then held into a laboratory oven at a temperature of 170 °C 
for 3 minutes to form the prepregs. Then eight of the prepreg plies were stacked 
together with two sheets of copper foil on either side and pressed together in a 
hydraulic press for 1 .2 hours at 205 °C to produce a consolidated laminate. 



Following the procedures of Example 6 and employing the various other 
epoxy resins of Examples 3. 4 or 5. various other epox\ laminates of this inx ention 
are prepared. 

EXAMPLE 7. Epoxv Laminate Comparisons. 

This Example 7 demonstrates the flame-retardant activity of various 
phosphine oxide mixtures of the present invention. In this Example 7. a series of 
laminates was prepared using a few of the preferred embodiments of the invention as 
described hereinabove. The epoxy laminates were prepared following the procedures 
as set forth in Example 6. The laminates so formed were tested for their W.. for 
thermal properties according to TGA. for combustibility according to UL 94. and 
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lime taken to delaminate at 260°C according to the T-260 test. Table 3 summarizes 
these thermomechanical properties of \arious laminates formed in accordance with 
the procedures of Example 6 and employing the phosphine oxides formed in 
accordance with Examples 3a, 3c. 3d and 3e. 



Table 3. Comparison of Bis(4-hydroxyphenyl)phenylphosphine Oxide 
Mixture/EPON 828 Adduct Using Different Ratios of Mixture Components. 



Patent 

Example 

Resin 

(mixture) 

3c 

(pure bis) 
3d 

(high tris) 
3e 



Components'" Tg TGA UL 94*^ T-260'- 

(phr) %P (TMA) (5% loss) Ti. tz (sec) (minutes) 



Resin 100 
DICY 2.7 
2MI 0.05 
Resin 100 
DICY 2.8 
2MI 0.05 
Resin 100 
DICY 2.4 
2M1 0.035 
Resin 100 



1.8 146 



372 



55.0 



>18 



1.9 143 



374 



75,0 



>19 



1.9 144 



372 



34.0 



>19 



1.9 137 



369 



52.0 



(high mono) DICY 3.2 
2MI 0.9 

a) the solvents N.N-dimethylformamide and Dowanol FM (l-metlioxy-2-propanol) 
were used to dissolve the materials and the hardeners were used at the levels 
indicated (see Example 7). 

b) Samples 3a. 3d. and 3e gave self-extinguishing flames with only approximately 
one-third of the coupon being consumed at the edges only. Sample 3c burned to 
the clamp at the edges only. 

c) 1 he test was stopped at the time indicated. 



# 
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According to prior art (JP 186186A). the pure bis(4-hydro\yphen\i)- 
phen\ Iphosphinc oxide displayed tlamc retardant properties when used w ith a 
novolak epoxy resin system, giving a V-0 in the UL-94 test. The Table 3 data in this 
studv compares the relative flame retardant actix ity of the corresponding mixture 

5 material with the pure bis compound using a simple formulation based on the 
bisphenol A diglycidyl ether, which is known to be more difficult to llame-retard. 
Noteworthy observations are that higher levels of the trishydroxy did not impact the 
Tg. but a higher level of monohydroxy does. The mixtures demonstrated impro\ ed 
inherent llame retardant properties \'s. the pure bis material, as evidenced by the self- 

10 extinguishing nature in the UL-94 test and the relative burn times. The mixture is 

romnfirMhle to the pure his with reaank to the High thermal stahility is jinnarent 
as evidenced by the high values obtained in the TGA and T-260 analyses. 



Although the invention has been illustrated by certain of the preceding 
1 5 examples, it is not to be construed as being limited thereby: but rather, the in\ ention 
encompasses the generic area as hereinbefore disclosed. Various modifications and 
embodiments can be made without departing from the spirit and scope thereof. 



